We summarize results of the analysis of the optical variability of the continuum and emission-line fluxes in the 3C 390. 9 M ⊙ and (2.81 ± 0.38) × 10 9 M ⊙ , for the Hβ and Hα lines and assuming a scaling factor that converts the virial product to a mass to be f = 5.5. A difference between both masses can point to a difference between kinematics of the Hα and Hβ emission regions. We show that the reverberation mapping can only be applied to the entire period of observations of the 3C 390.3 nucleus after removing a long-term trend. This trend has been expressed by a slowly varying scale factor c(t) in the power-law relationship between the line and continuum fluxes: cont . The 3C 390.3 nucleus is an 'outsider' in the relationship between optical luminosity and black hole mass. Its Eddington ratio is E bol /E Edd = 0.0037.
INTRODUCTION
Photoionization by central source radiation in active galactic nuclei (AGN) is believed to be a main mechanism responsible for the gas emission in the broad-line region (BLR). So, the observed correlations between broad-line properties and continuum properties provides information necessary to develop photoionization models of the BLR. These models together with the observed line intensities and line intensity ratios are used to recover physical conditions in the BLR. The size, geometry, and kinematics of the BLR can be determined from the line-continuum correlation by the reverberation mapping technique (Blandford & McKee 1982; Peterson 1993 Peterson , 1994 . The most obvious success in the reverberation mapping studies is determination the BLR size for a lot of AGNs via the cross-correlation function. This function is applied to the light curves of the continuum and emis-⋆ E-mail: sergeev.crao@mail.ru sion lines to find delays between variations of their fluxes (e.g., Peterson et al. 1998b; Kaspi et al. 2000; Bentz et al. 2010; Denney et al. 2010; Grier et al. 2012) . Such studies require a good sampling of observations as well as significant variability amplitude with at least one event clearly seen in the continuum light curve. With the known BLR sizes and under some assumptions (such as virialized gas motion in the BLR), it is possible to determine the fundamental AGN characteristics -the central black hole mass and accretion rate (e.g., Peterson et al. 2004; Bentz et al. 2009 ).
Recent years, good progress has been achieved in applying the reverberation method to individual profile segments of the broad emission lines (e.g., Denney et al. 2009; Grier et al. 2012; Doroshenko et al. 2012) . These reverberation results suggest that the BLR kinematics can be distinctly different (inflow, outflow, or virialized motions) for individual AGNs.
The line emission from the narrow-line region (NLR) is believed to be constant in flux during several decades c RAS because this region is very extended spatially (hundreds of light years). However, some authors have claimed the narrow-line variability for a shorter period. For example, Pronik & Pronik (1992) have carefully assumed that "Time scale variability in most cases is several years, but months and weeks should not be excluded" for the [O iii] λλ 5007, 4959Å forbidden lines in some nuclei. Peterson et al. (2013) have found that "The narrow [O iii] λλ 5007, 4959 emission-line fluxes in the spectrum of the well-studied Seyfert 1 galaxy NGC 5548 are shown to vary with time." and they suggested the size of the [O iii]-emitting region in NGC 5548 to be 1-3 pc. Zheng et al. (1995) have studied the intensities of the narrow lines in 3C 390.3 between 1974 and 1990. They have found the flux of [O iii] λ4959 has declined by 40 per cent between 1974 and 1984. It has remained at a low level between 1984 and 1987, and then increased to a higher level since 1988, in step with the long-term variation of the underlying optical continuum. In most papers, the light curves of the continuum and broad emission lines are calculated using narrow line intensities as 'photometric standards'. Therefore, narrow line variability over a period of observations leads to the appearance of fictive longtime 'trends' in the derived light curves.
The 3C 390.3 nucleus is often considered as a prototype for a relatively small group of AGNs (referred to as 'double-peaked emitters') with broad and double-peaked low-ionization lines in their spectra. The Balmer emission lines in the optical spectrum of the 3C 390.3 nucleus are very broad with strong blueshifted and redshifted peaks that have been well known long time ago (e.g., Sandage 1966; Lynds 1968; Burbidge & Burbidge 1971) . It is one of the best studied nucleus among double-peaked emitters (e.g., Osterbrock, Koski & Phillips 1976; Barr et al. 1980; Yee & Oke 1981; Netzer 1982; Veilleux & Zheng 1991; Zheng 1996; Wamsteker et al. 1997; Dietrich et al. 1998; O'Brien et al. 1998; Shapovalova et al. 2001; Sergeev et al. 2002; Gezari, Halpern & Eracleous 2007; Shapovalova et al. 2010; Sergeev et al. 2011; Dietrich et al. 2012; Afanasiev et al. 2015) Among various BLR models, the disc-like BLR around the central black hole is widely accepted to explain the broad emission-line profiles in double-peaked emitters. Doublepeaked broad lines being well fitted by the emission from the relativistic circular accretion disc within a distance from the black hole of hundreds to thousands of gravitational radii Chen, Halpern & Filippenko 1989) . Modifications of this model include an elliptical accretion disc model (Eracleous et al. 1995) , a stochastically perturbed accretion disc model (Flohic & Eracleous 2008) , a system of clouds rotating predominantly in the same plane (Sergeev, Pronik, & Sergeeva 2000) , etc. However, the BLR geometry in 3C3 90.3 seems to be very complex with at least two components, although the disc-like component is, probably, the dominant emitter (Sergeev et al. 2002; Shapovalova et al. 2010; Afanasiev et al. 2015) .
There is some inconsistency among published lag measurements in 3C 390.3. The lag between the continuum and Balmer emission-line variations was found to be ≈90-180 days from the long-term (several years) monitoring campaigns (Shapovalova et al. 2001; Sergeev et al. 2002; Shapovalova et al. 2010; Sergeev et al. 2011; Afanasiev et al. 2015) , more than twice the lag found from the short-term campaigns (Dietrich et al. 1998 (Dietrich et al. , 2012 . A summary of the lag estimates is given in Kovačević et al. (2014) .
The present study is the continuation of the previous studies of 3C 390.3 nucleus carried out in the Crimean Astrophysical Observatory (CrAO) since 1992 (Sergeev et al. 2002 (Sergeev et al. , 2011 . Now we present new results of the optical spectroscopic observations of 3C 390.3 during monitoring campaign from 2008 to 2014 and we summarize the results obtained on 3C 390.3 in 1992-2014. The main goals of the present paper are similar to that of Sergeev et al. (2011): (1) To determine the BLR size and the black hole mass via reverberation mapping technique; (2) To check for the narrow-line variability; and (3) To determine power-law indices of the relationship between Balmer line and continuum fluxes and to look for any changes in the Balmer decrement. The structure of the present paper is similar to the paper of Sergeev et al. (2011) .
We analyze the total line fluxes only, not the line profiles. In the next papers of this series we plan to study variations of individual profile segments of the broad Balmer lines, including the 2-d reverberations mapping and the longterm evolution of the broad emission-line profiles. We hope our results will be used to critically test competing models of the double-peaked emitters. Sergeev et al. (2002 Sergeev et al. ( , 2011 . The spectra were registered at the two separate spectral regions centered at the Hα and Hβ lines. Since July 2005 the old Astro-550 CCD was replaced by a more modern SPEC-10 CCD. More details about observations, observational setup, and spectral data processing are in Sergeev et al. (2002 Sergeev et al. ( , 2011 .
Our new data set in 2008-2014 consists of 96 spectra in the Hβ region and 30 spectra in the Hα region. The signalto-noise ratio (S/N) per pixel at the continuum level is in the range 21-109 (mean value is 51) for the Hβ region and in the range 31-79 (mean value is 50) for the Hα region.
The spectra of the 3C 390.3 nucleus have been calibrated in flux as described in Sergeev et al. (2002) . The final step of this calibration is the scaling of spectra to match the fluxes of the selected narrow emission lines which are assumed to be constant over time-scales of the monitoring programme. This assumption is justified by the large spatial extent of the narrow line region (NLR). In the case of 3C 390.3 the underlying difficulty is that there is some evidence for narrow-line variability (Clavel & Wamsteker 1987; Zheng et al. 1995; Sergeev et al. 2011) . We discuss this problem in section 2.2.
We chose the narrow [O iii] λ5007 (Hβ region) and [O i] λ6300 (Hα region) emission lines as internal flux standards. Their absolute fluxes were measured from the spectra obtained under photometric conditions by using the spectra of the comparison star (see Sergeev et al. 2002) .
As in Sergeev et al. (2002 Sergeev et al. ( , 2011 ) the line fluxes were measured by integrating the flux above the underlying continuum within the selected wavelength intervals. The continuum fluxes were determined at 5100Å and 6200Å in the rest frame of 3C 390.3, and designated them as F5100 and F6200, respectively. The uncertainties in our Hα-region fluxes are much greater than in the Hβ-region ones because they are dominated by the uncertainties in the flux-scaling factors determined from the relatively weak [O i] λ6300 narrow line.
Optical photometry
Regular CCD photometric observations of the selected AGNs have been started at the CrAO in 2001. The instrumentation, reductions and measurements of our photometric data are described in Doroshenko et al. (2005) and Sergeev et al. (2005) .
Our V filter photometric measurements of 3C 390.3 were calibrated to match the F5100 continuum fluxes as described in Sergeev et al. (2011) , namely:
where V is the stellar magnitude corrected for the broad Hβ line, ϕ is a scale factor, and G is a difference in constant contributions (host galaxy and NLR). The parameters ϕ and G were determined by the ordinary linear regression. Just the same as in Sergeev et al. (2011) we have found strong discrepancy in our spectral and photometric measurements that can only be removed by assuming long-term changes in the scale factor ϕ. Now we have enough absolute measurements of the [O iii] λ 5007Å line fluxes made using the comparison star during nights with good weather conditions to prove that above changes must be attributed to the narrowline variability. We present the results on this variability in section 3.2. So, in contrast to Sergeev et al. (2011) , we assumed that our photometric measurements are correct, while our spectral measurements are wrong because variability of the narrow lines. To correct our spectral measurement we recovered ϕ(t) function as described in Sergeev et al. (2011) . We selected it to be a small degree polynomial function of time. The polynomial coefficients and offset G were determined by achieving the best rms agreement between photometric and spectral data sets. We adopted the ϕ(t) function to be constant (ϕ = ϕ0) before beginning of the systematic continuum brightening in ≈2003. Total of 105 data points were used for the fit. The best fit normalized function ϕ(t)/ϕ0 is shown in Fig. 1 . It was computed for the degrees of polynomial function from 1 to 4. The ϕ(t) function is very similar for all polynomial degrees and it increases monotonically by ≈ 30 per cent during about ten years. The best solution for the polynomial degree 3 is as follows: 
where ∆t is adopted to be t−2454713.1 1000
, t is Julian Date, and ϕ/ϕ0 is adopted to be 1 before JD2452472.5, i.e., before beginning of the systematic continuum brightening. The time of 2454713.1 is simply the averaged value of t, so we adopt ∆t = 0 for the mean time t. However, the same method applied to the Hα-region spectra (scaled using [O i] λ6300Å narrow line) gives ambiguous result (see Fig. 1 Table 1 where fractional rms agreement (corrected for degree-of-freedom) between spectral and photometric data sets are shown. In particular, the assumptions that the ϕ(t) for the [O iii] λ5007 is a straight line improves the rms agreement by 3 times, while the same assumption for the [O i] λ6300 line does not improves it any significantly.
Final light curves
As mentioned in the previous section, we found that our photometric V -band measurements are correct, while our continuum light curve F5100 has a long-term trend because long-term flux changes in the [O iii] λ5007 line used for cali- Units are 10 −14 ergs cm −2 s −1 and 10 −16 ergs cm −2 s −1Å−1 for the lines and continuum, respectively. The fluxes are consistent with the respective fluxes for earlier period (Sergeev et al. 2011) when both the fluxes and uncertainties from Sergeev et al. (2011) are divided by the scale factor ϕ(t) (see text).
bration of the Hβ-region spectra. To merge the photometric and spectral data sets we have first put the photometric light curve into the scale of the continuum spectral fluxes (ergs cm −2 s −1Å−1 ) by subtracting an offset G and by multiplying by a factor ϕ = ϕ0. Then the spectral fluxes (F5100, Hβ, and Hγ) were corrected for the narrow-line variability by dividing them by ϕ(t)/ϕ0 (see eq. 2). Because of this correction, some values quoted in the present paper may differ slightly from those in Sergeev et al. (2011) . The joined continuum light curve has been nightly averaged.
We do not perform any corrections for the Hα-region fluxes because our results on the [O i] λ6300 variability are too unclear.
The fluxes with their observational uncertainties are shown in Fig. 2 for 1992-2014. They are presented in Tables 2 and 3 for 2008-2014. Note, that the F5100 continuum flux consists of both the spectral and photometric data. The fluxes for earlier period are given in Sergeev et al. (2002 Sergeev et al. ( , 2011 . However, the Hβ-region fluxes from Table 1 of Sergeev et al. (2011) must be corrected for the narrow-line variability (i.e., divided by the factor ϕ(t)/ϕ0, see eq. 2) to be consistent with the fluxes for 2008-2014 from Table 2 of the present papers. Note that we have not separated the broad and narrow line fluxes. Because narrow line fluxes are shown to be variable, they must slightly affect the variability of the broad lines. However, we found this effect to be negligible (not more than 2 per cent).
RESULTS

Variability characteristics
The basic variability characteristics of 3C 390.3 are summarized in the Table 4 . We considered the four periods of observations: 1993-1997, 2005-2007, 2008-2014 , and the entire period of CCD observations of 3C 390.3 at the CrAO (1992 CrAO ( -2014 . The motivation of the division of the data into the periods is that the first two periods were used for the crosscorrelation analysis in Sergeev et al. (2002 Sergeev et al. ( , 2011 . The 1998-2004 period has been excluded from the cross-correlation analysis because poor data sampling of both the Hβ and Hα lines, while 2008-2014 period represents our new (unpublished) data. On the other hand, this division can be used to check for lag changes. In the Table 4 the parameter Fvar is the rms fractional variability and the parameter Rmax is simply the ratio of the maximum to minimum flux. Both the parameters are corrected for observational uncertainties. We also give the variability characteristics corrected for the contribution of the starlight of the host galaxy in the case of the continuum and the narrow-line contamination in the case of the emission lines (for our estimates of these contributions see table 1 and text in Sergeev et al. 2002) . We accounted for the long-term trends in the narrow-line variability when subtracting narrow-line contamination from the broad-line fluxes (see sect. 2.2 and 3.2 for more details).
The considered variability characteristics for any light curve can only be compared to another light curve when both of them are sampled identically. However, there are a notable difference in the sampling of our Hα-region and Hβ-region light curves. To avoid effect of sampling we have selected quasi-simultaneous data points from both regions to construct the identically sampled light curves. Their variability characteristics are given in the last five rows of the Table 4 . As can be seen from these rows, the fractional variability amplitude is almost the same for the continuum fluxes at λ5100 and λ6200 (probably it is slightly greater for λ5100). Among observed Balmer lines, the variability amplitude is greatest in Hγ, less in Hβ, and lowest in Hα.
Narrow-line variability
The discrepancy between our spectral and photometric data sets (sect. tion zones for the narrow lines as compared to Sergeev et al. (2002 Sergeev et al. ( , 2011 with closely adjacent pseudo-continuum windows (both red-side and blue-side windows for each line). for both lines. We determined the probability that the observed narrow-line fluxes are proportional to ϕ(t) −1 (alternative statistical hypothesis is that the narrow-lines do not vary in flux). We have found, from the χ 2 -criterion, that the constant flux hypothesis must be rejected at 0.94 and 1 − 1. Fig. 3 ). After several attempts we have found parameters of a shell models that provide an ideal fit to ϕ(t) −1 with rms agreement to be less than one per cent, that is: inner and outer radii of 20 and 150 light-years, respectively, and the emissivity per unit volume ε ∝ r −3.5 . We conclude that there are a lot of NLR models that is able to reproduce the observed [O iii] variability.
The observed variability of the [O iii] λ 5007 forbidden line strongly suggests that the narrow Balmer lines must be variable in flux as well. However, to measure fluxes of the narrow Balmer lines, they must be separated from the respective broad lines. Estimates of the narrow Balmer line fluxes were obtained via finding a scale factor for each spectrum to achieve a maximum smoothness of the residuals between a given spectrum and template spectrum (see calibration method by van Groningen & Wanders 1992, independently developed in the CrAO). In other words, there must be no narrow-line residuals seen over spectral region where these narrow lines reside when the template spectrum is subtracted from a given spectrum. As a criterion for smoothness we have selected the rms agreement between residuals for a given spectrum and smoothed version of these residuals (only for a spectral region where a given narrow line resides). To smooth residuals we have used a convolution with Π-shaped function with 24Å full width (i.e., the function value is a positive number in the ±12Å interval, and it is zero outside this interval). The results for the Hβ narrow line and for the Hα+ [N ii] complex of narrow lines are shown in Fig. 3 . It is clearly seen that above lines vary in flux and that these variations are similar to the [O iii] line variations.
We have compared the variability amplitudes of the Hβ, Hα+ [N ii], and [O iii] narrow lines. We considered long-term flux changes only, since a large short-term scattering of the observed narrow-line fluxes is the observational uncertainties. We found an rms amplitude to be about Fvar = 0.14, and max-to-min variations to be a factor of Rmax = 1. We have experimented with various criteria for smoothness of the residuals (various widths of the Π-shaped kernel or low-order polynomial functions as a smoothed version of the residuals) and we found similar variability patterns of the Hβ and Hα+ [N ii] narrow lines with the same or slightly higher (up to a factor of 1.3) variability amplitudes.
Finally, in Fig. 4 we show the differences in fluxes between mean star-calibrated spectra S1, S2, and S3 for the three periods : 1993-1997, 2005-2007, and 2008-2014 , respectively (S2-S1, S3-S1, S3-S2 flux differences are shown). The residuals in Fig. 4 clearly demonstrate many narrowline features associated with the under-subtracted narrow lines. It proves that the narrow lines are indeed variable. It is clearly seen that most of the narrow lines in Fig. 4 are brighter in 2005-2007 than in 1993-1997, and brighter in 2008-2014 than in 2005-2007. 
Time-series analysis
The time delays between various light curves were determined as in Sergeev et al. (2011) , i.e., using the interpolation cross-correlation function (ICCF, e.g., Gaskell & Sparke 1986; White & Peterson 1994) . The results of the crosscorrelation analysis for 2008-2014 are shown in Table 5. Also given in Table 5 are the cross-correlation results from the previous Crimean studies: for 1993 (Sergeev et al. 2002 ) and for 2005 -2007 (Sergeev et al. 2011 . The continuum-Hβ CCFs for the considered periods are shown in Fig. 5 .
The narrow-line variability leads to the appearance of fictive long-term trends in the derived light curves. The cross-correlation results as well as other results of the present 0.970 0.82 2.6 ± 7.4 NOTE: P is a probability that τcent is less than zero. Hα line fluxes are integrated over the same line-of-sight velocities as for H β .
paper are given with accounting for this trend for the Hβ-region light curves (Hβ, Hγ, and F5100), including 2005-2007 period of observations. See sect. 2.2 and 3.2 for more details.
The lags were measured from both the location of the maximum value of the ICCF correlation coefficient (rmax) and from the ICCF centroid based on all points with r 0.8rmax (designated as τ peak and τcent, respectively). The lag uncertainties were computed using the model-independent Monte Carlo flux randomization/random subset selection (FR/RSS) technique described by Peterson et al. (1998a) . From this technique we have obtained the lag probability distributions. Fig. 6 shows probability distributions for τcent for both Hβ and Hα lines (respective lag measurements are in the first two rows of Table 5). We found that the lag for the Hβ line in [2005] [2006] [2007] [2008] is different from that in 1993-1997 and in 2008-2014 with a probability of 0.989 and 0.9997, respectively. We have conservatively attributed above difference to some additional lag uncertainty (see below). No significant difference in the Hα lag among considered periods has been found. Table 5 are unweighted mean lags for three periods of observations. The uncertainties in the mean lag were computed via maximum likelihood method in assumption that there is an internal lag scattering in addition to the scattering derived from the FR/RSS technique for the individual observational periods. A reason to introduce this internal uncertainty is clearly seen from the Fig. 6 : the computed probability distribution for the Hβ lag is too different between 2005-2007 and 2008-2014 , so an additional uncertainty is required. This uncertainty can be attributed to a lot of unaccounted factors, e.g., real lag changes, underestimated observational uncertainties, etc. The likelihood method is widely used for constructing estimators of unknown parameters in statistics. Maximum-likelihood estimation was vastly popularized by Ronald Fisher (e.g. Fisher 1912 ). In our implementation of this method, an additional lag scattering σ is unknown parameter to be find by achieving a maximum of the function:
Also given in
where the index i represents one of the three observing periods, and ρi(τ, σ) is a convolution of the two probability distributions of τ : one is obtained from the FR/RSS technique for a given period (see Fig. 6 ), while another is a normal distribution with unknown standard deviation σ and with the expectation equals to the mean lag τ0 from the last column of Table 5 . Such a method provides larger lag uncertainties than the FR/RSS technique does. E.g., the uncertainties in the mean lag can even be greater than the uncertainties for individual periods of observations when there is a large scattering in individual lag values. The additional uncertainty in the lag between the continuum and Hβ emission was found to be σ = 13 d.
Central black hole mass
The reverberation mass of the central black hole is given by
where G is the gravitational constant, c is the light velocity, τ is the emission-line time delay (a proxy for the BLR size), σ line is the width of this line (a proxy for the velocity dispersion of BLR gas), and f is the scaling factor of order unity that depends on the BLR geometry, kinematics, and orientation. To obtain the MBH directly in the Solar mass units, the above equation can be written as
where k ≡ 2f , σ line is in light-velocity units, τ is in days, and 1.14×10 −10 is gravitational radius of Sun in light-days. Here we adopt a definition for the gravitational radius rg according to Oppenheimer & Snyder (1939) (the same definition was used in Sergeev et al. 2002 Sergeev et al. , 2011 , i.e., rg = 2 G M/c 2 . While it is difficult to determine f for an individual source because dynamical modeling is required, its average value has been determined by comparing the available reverberation measurements with the measurements from the well known MBH − σ * relationship for AGNs. The most recent determination of the scale factor for reverberationmapped AGNs is f = 4.31 ± 1.05 (Grier et al. 2013) and it is consistent with earlier results (e.g., Onken et al. 2004; Graham et al. 2011 ). As in Sergeev et al. (2011) we adopt f to be 5.5 according to Onken et al. (2004) .
Recent results of observations obtained with high sample rate show the diversity and probable complexity of the BLR velocity field (Denney et al. 2009 (Denney et al. , 2010 Grier et al. 2012 ) with indications of outflowing component at least for NGC 3227 nucleus. Since the reverberation method is based on the virial assumption, it does call into question the reliability of this method for the determination of black hole masses.
The line width is usually measured as FWHM or line dispersion σ line (i.e. the second moment of the line profile). It has been argued that σ line is a less biased measure of the velocity dispersion of BLR gas than FWHM (e.g., Sergeev et al. 1999; Collin et al. 2006) . Similarly, it was argued that the τcent above the correlation coefficients of 0.8rmax is the most representative lag estimate for the BLR radius . It seems, from our experience, that the τcent distribution is more normal with slightly less deviations than that of τ peak . Estimates of τcent above lower correlation levels seem to be not applicable because far CCF wings are poorly determined since a limitation on time shift. Note that a significant difference between the τ peak and τcent is only pronounced if the BLR is strongly extended spatially, so the transfer function has a long tail.
In Table 6 we give the Hα and Hβ broad-line widths and centroids (narrow emission-lines are removed from the broad profiles) for the three periods of observations : 1993-1997, 2005-2007, and 2008-2014 . They were computed from both the mean and rms profiles and for the same time intervals as that of the time lag computations. The uncertainties in σ line were computed as described in Sergeev et al. (2011) and they were found to be about 5 per cent for all observing periods, while the uncertainties in the centroids were found to be 1.1Å and 2.5Å, for the Hβ and Hα lines respectively.
As can be seen from Table 6 , the σ line value for both lines is remarkably constant among all periods. It seems that the widths of the Balmer lines in 3C 390.3 (as well as their lags, see Table 5 ) depend little, if any, on the continuum flux that was much brighter in 2005-2014 than in 1993-1997. Also seen from Table 6 is that the Hα and Hβ broadline centroids have shifted to shorter wavelengths between 1993-1997 and 2005-2014 To compute the average mass for the three observational periods we adopt the σ line value for the rms profiles to be a mean value among three periods (note, that these three values are almost the same). The mean σ line value for the three periods from Table 6 is equal to 4557 and 4143 km s −1 , while the mean τcent value is equal to 88.6 ± 8.4 and 161 ± 15 d (see last column of Table 5 ) for the Hβ and Hα lines, respectively. The lag values need to be corrected for time dilation by dividing by 1 + z to put them into the rest frame. After correction for time dilation (assuming z = 0.05553) the corresponding estimates of the black hole mass in 3C 390.3 are (1.87 ± 0.26) × 10 9 M⊙ and (2.81 ± 0.38) × 10 9 M⊙ under f = 5.5. Here we have conservatively adopted the uncertainties in the mean width of both lines to be equal to the uncertainties for the individual periods, i.e, 5 per cent. Note, that the reverberation mass uncertainties originate not only from the observational uncertainties and data sampling, but from the uncertainties in the scale factor f , and from the validity of the virial assumption for a given emission-line in a given AGN.
As was shown by Sergeev et al. (1999) the coefficient k in eq. 3 is approximately equal to 4/ sin 2 i for the Keplerian disc model, where i is the inclination angle (i = 0
• for poleon configuration). Assuming the BLR in the 3C 390.3 nucleus to be a Keplerian disc with i = 27.6
• (see Sergeev et al. 2002) , the expected value of the scale factor is f ≈ 9.3. If so, our reverberation mass must be enlarged by a factor of 9.3/5.5 = 1.7. Indeed the model-depended mass estimate in sect. 3.5 gives a larger black hole mass in 3C 390.3. Wandel, Peterson, & Malkan (1999) and Dietrich et al. (2012) claimed the central black hole in 3C 390.3 to be 4 × 10 8 M⊙ and 8.6 × 10 8 M⊙, respectively. This is several times less than our mass estimate. Except for a difference in both the adopted scale factor and in the adopted method to measure the line width, the principal reason for above disagreement is a disagreement in the measured Hβ lag. This lag was found to be 24 days and 44 days in Wandel, Peterson, & Malkan (1999) and in Dietrich et al. (2012) , respectively. Sergeev et al. (2002) have argued that this disagreement in the lag must be attributed to the broader ACF width for our time series (see also Netzer & Maoz 1990 , to learn more about how the ACF width affects lag measurements). The ACF width is expected to be systematically greater for a longer observing campaign because long-term program shows variability timescales not sampled in the short-term campaign. Our monitoring campaign is definitely longer than that of Wandel, Peterson, & Malkan (1999) and Dietrich et al. (2012) (about one year and several months, respectively). In contrast to the short-term campaigns above, the multi-year campaigns give the Hβ lag in 3C 390.3 to be comparable to our lag estimate. Thus Shapovalova et al. (2010) claimed a lag of 95 days for the Hβ line and 120 days for the Hα lines, while Afanasiev et al. (2015) found this lag to be 60-79 and 138-186 days, respectively. It is clear that the mass of the black hole determined from above lags (the authors did not calculate the mass) should be in agreement with our mass estimate.
The central black hole mass in 3C 390.3 was found to be (5 ± 1) × 10 8 M⊙ from the stellar velocity dispersion (Lewis & Eracleous 2006) , again less than our mass estimate. This disagreement can be attributed to the intrinsic scattering in the σ * − MBH relationship as well as to uncertainties in the scale factor f . These uncertainties are related to the unknown geometry/kinematics and to a possible nonvirial gas motions in the BLR.
Since our new τcent and σ line measurements for 2008-2014 are almost the same as in Sergeev et al. (2011) , it is not surprising that the mass estimates are almost the same as well, and that the 3C 390.3 nucleus is indeed an 'outsider' in the fundamental relationship between optical luminosity and black hole mass. Indeed, we found, from all observing periods, that the Eddington ratio is E bol /E Edd = 0.0037. Here we adopt L bol = 1.3 × 10 38 MBH and L Edd = 9 × λ L5100, where L bol is the bolometric luminosity, L Edd is the Eddington luminosity, and L5100 is the rest frame absolute luminosity of the 3C 390.3 nucleus at λ = 5100Å (in units of ergsÅ −1 ). The bolometric luminosity has been corrected for Galactic reddening using AV = 0.22 according to the red- dening map from Schlegel, Finkbeiner, & Davis (1998) and it was found to be L bol = (1.01 ± 0.25) × 10 44 ergs.
Model-dependent black hole mass
In Sergeev et al. (2011) the black hole mass in 3C 390.3 has been derived in terms of the relativistic Keplerian disc model of BLR (e.g., Eracleous & Halpern 1994) . The disc parameters (the inner/outer radii, inclination angle, and emissivity law per unit surface) were taken from Sergeev et al. (2002) . The free parameters are: the black hole mass MBH , the power-law index a, and a scale factor c (see Sergeev et al. 2011 , for more details). These parameters were obtained by fitting of modeled light curves of the Hβ and Hα emission-lines to the observed light curves. It was assumed that the source of the continuum that drives the line is slightly above a disc centre (so its height is much less than the disc internal radius) and both the line and the optical continuum fluxes are power-law functions of the driving continuum fluxes, so the relationship between the line fluxes and optical continuum fluxes is a power-law as well:
We select optical continuum light curve to be F5100 (see Fig. 2, top panel) . In Table 7 we give the fit results for our new data set in 2008-2014 as well as for earlier periods and for the entire period of 1992-2014. Note that the masses in Table 7 should be divided by 1 + z because observed light curves are not corrected for time dilation.
From the inspection of the (i) The fit quality in term of the χ 2 is too poor in many cases, especially for the entire period of observations, so the probability computed from the high tail of χ 2 distribution (see the last column of Table 7 ) is too low. The lower χ 2 values for the Hα line is mostly due to larger uncertainties of its light curve.
(ii) There is a discrepancy in determination of the MBH between Hα and Hβ lines as well as between 1993-1997 and 2005-2007. (iii) The Hα line shows lower values of the power-law index a as compared to the Hβ line, except for [2005] [2006] [2007] when the responses of both lines to the optical continuum variations seem to be almost linear.
As was shown by Sergeev et al. (2011) , the line responses to the variations of the continuum fluxes are nonlinear (except for [2005] [2006] [2007] , especially for the Hα line.
To improve the fit quality for the entire period, we assumed that there is a long-term trend in the line-continuum relationship. The long-term changes in this relationship were found, for example, by Malkov et al. (1997) . To account for such changes, Denney et al. (2010) have proposed to use low-order polynomials to remove long-term trends from the light curves before applying cross-correlation analysis. We supposed that the poor fit quality for the entire period is related to the slow changes in the scale factor c, so that this factor is a function of time and F line = c(t)F a cont . To remove this effect the fit procedure has been modified as follows: (1) the modeled light curve is divided by the observed light curve; (2) the division result is smoothed by convolution with the Gaussian function with σ = 1 year; (3) the modeled light curve is divided by the smoothed curve to represent the observed light curve. The large improvement of the modified fit for the entire period is clearly seen from the Fig. 7 we show both the modeled and observed light curves of the Hβ line and the normalized scale factor c(t) for both Hα and Hβ lines. There is a close similarity between both scale factors. They have reached a minimum in 2004, i.e., approximately at the beginning of the systematic continuum brightening.
Long-term variations of the scale factor can be interpreted, for example, via changes in the height of the driving continuum source above the disc centre. In terms of the considered disc model, the incident flux of the driving continuum has to be proportional to the height of its source for distances much exceeding this height.
Even after the modified fit is applied, the χ 2 values for both lines are significantly greater than their expected values. There are a lot of reasons for it, e.g.: (1) the considered disc model is too oversimplified or it is not correct; (2) the long-term changes in the line-continuum relationship can be more complex than it is proposed and this relationship is not necessary to be a power-law; (3) the observational uncertainties can be underestimated; and (4) there are effect of gaps in the continuum light curve. In particular we found that the reasonable filling the largest gaps in the continuum light curve (made by eye) reduces the χ 2 per d.o.f. value for the Hβ line from 4.77 to 3.45.
We have verified whether similar long-term variations in the scale factor can be obtained by a model-independent way and how much these variations affect the cross-correlation results for the entire observational period. We used a modified cross-correlation function in which the continuum light curve is adjusted to the line light curve by the same method as in our modified fitting procedure except for the modeled light curve of a line is now the continuum light curve shifted by a given time lag. So, for each lag value we must perform the adjustment before compute the correlation coefficient. We computed the cross-correlation function between F line and F a cont for a set of power-law indices a in order to find a largest rmax value. We found that the power-law indices of 0.67 and 0.66 provide largest rmax values for the Hβ and Hα lines, respectively. For above indices, the τcent value was found to be 80 CCFs for both lines for the entire time interval is too flattop the centroid at 0.8 rmax can not be computed. Instead, to integrate over lag values, we used the lag intervals comparable to that for individual periods (about 160 and 320 days for the Hβ and Hα, respectively). These intervals correspond to about 0.96 rmax. Note a decrease in the derived lags and a significant increase in the correlation for both lines after accounting for variations in the scale factors.
Our Keplerian disc model gives the correlation coefficients between observed and modeled light curves of 0.990 and 0.988 for the Hβ and Hα lines, larger than the correlation coefficients of the modified CCF above.
The derived scale factors c(t) for both lines are shown in the bottom panel of Fig. 7 . There is a similarity between scale factors from the Keplerian disc model and from the model-independent calculations.
Balmer decrement
As was found in Sergeev et al. (2011) the Hα to Hβ ratio of fluxes (F (Hα)/F (Hβ)) varies with the continuum flux because the power-law index a is different between Hα and Hβ lines. In Fig. 8 we show, in log-log scale, the 5100 . It seems that both relationships are not power-law exactly (i.e., not linear in the log-log scale) or there are long-term changes in these relationships. In the middle panel of the Fig. 8 we show the F (Hα)/F (Hβ) ratio vs. F5100 as expected from our Keplerian disc model where the long-term changes in the scale factors for both lines are accounted for. The expected relationship is linear (in log-log scale) with relatively small deviations of individual data points. This is different from the observed relationship (top panel of Fig. 8 ). Probably the power-law approximation to the relationship between Balmer line and continuum fluxes is not exactly correct. (ii) The mean lags for the three periods of observations were found to be 88.6 ± 8.4, 161 ± 15, and 113 ± 14 d for the Hα, Hβ, and Hγ broad emission-lines, respectively (Hγ line measurements are only available for the last two periods). These values need to be corrected for time dilation by dividing by 1 + z to put them into the rest frame.
(iii) It seems that the lags of the Balmer lines depend little, if any, on the continuum flux.
(iv) The mean reverberation mass of the central black hole in the 3C 390.3 nucleus was found to be (1.87 ± 0.26) × 10 9 M⊙ and (2.81±0.38)×10 9 M⊙, for the Hβ and Hα broad emission-lines and under f = 5.5.
(v) The black hole mass estimates from both lines are different at 2σ confidence. Probably, there is a difference between kinematics of the Hα and Hβ emission regions which translates to a difference in the value of the scale factor f as was suggested by Sergeev et al. (2011) .
(vi) The Keplerian disc model we consider in the present paper and the model-independent calculation both show that the reverberation mapping can only be applied to the entire (more than twenty years) period of observations of the 3C 390.3 nucleus after removing a long-term trend. This trend has been expressed by a variable scale factor c(t) in the power-law relationships between line and continuum fluxes: F line ∝ c(t) F a cont . In terms of the Keplerian disc model, the origin of this trend can be attributed to the changes in the height of the driving continuum source above the disc centre.
(vii) The responses of the Hα, Hβ, and Hγ broad emission-lines in 3C 390.3 to the optical continuum variations are non-linear. According to our Keplerian disc model the power-law index a equals to 0.77 and 0.54 for the Hβ and Hα lines, respectively. Since the power-law index a is different among Balmer lines, the Balmer decrement must vary with the continuum flux. The observed relationship between this decrement and the optical continuum flux is as follows: (viii) We confirm that the 3C 390.3 nucleus is definitely an 'outsider' in the fundamental relationship between optical luminosity and black hole mass. Its Eddington ratio of E bol /E Edd = 0.0037 is very low.
